the year of publication of the ICS report on terminology standardization on PFMF and dysfunctions. 3 Studies from the reference list of the included studies were also retrieved.
For the PUBMED search, 4 groups of MeSH descriptors and respective keywords were used according to: a) structure (pelvic floor, muscle); b) function (weakness, strength, force, power, tonus, stiffness, relaxation, contraction, control, ability, endurance, coordination); c) health condition (urinary incontinence); d) population (female and humans). For SCIELO, LILACS, and CINAHL "pelvic floor" AND "musc*" were the keywords used. The search strategies were focused on search sensitivity in order not to miss any relevant articles on PFMF. No search to grey literature was performed. The full search strategy is presented as supplementary data in eAppendix 1 (available at https://academic.oup.com/ptj).
Study Selection
The focus of observational studies is on the phenomenon itself (ie, the PFMF), rather than on manipulation of the phenomenon (PFMF as an outcome) as in experimental studies. 23 Therefore, only observational studies were included, as they would have higher chances to present clear conceptual and operational definitions of the PFMF. Observational studies regarding any PFMF mentioned either in title, abstract, or study aims were retrieved. Since UI is one of the most investigated and prevalent pelvic floor dysfunction in women, the study population was comprised of women with or without UI. Studies that presented data from both men and women, but stated results separately by sex were also included. Studies published in English, Spanish, or Portuguese were retrieved, as the researchers were fluent on those languages. Exclusion criteria along with detailed inclusion criteria are depicted in Table 2 . A librarian with F.S. and E.M.F. collaboration developed the search strategy. F.S. and A.P.G.M. performed independently the search strategy, studies' identification, eligibility, and inclusion, and data extraction. F.S. and R.O.V. worked independently in studies' quality Operational definition refers to the measurement of the concept. Operational definition states how to measure a concept 18 and encompasses both the outcome measure (standardized instruments to measure the concept) and the outcome measurement (detailed procedures of how the measurement is taken). 19 For example, strength (a term) is conceptually defined as the capacity of a muscle to generate force, 20 and its operational definitions are vaginal dynamometry, manometry, and palpation as well as their respective procedures to proceed with the measurement (Tab. 1). 21 Since concepts are the building blocks for all thinking, gathering data require a conceptual system to organize them. 18 Thus, identifying consistencies in the use of the terms and conceptual definitions of the PFMF, as well as how they are measured (ie, operational definition), would contribute to effective communication, data gathering, and advances in the evidence-based approach to women with UI. Therefore, this systematic review was conducted to investigate if the terminology of PFMF is accomplished by the use of clear terms, conceptual defnitions, and operational definitions.
Methods
This systematic review was conducted following PRISMA guidelines 22 and registered a priori at PROSPERO under the no. 2016: CRD42016045260 (http:// www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42016045260).
Data Sources and Searches
Literature searches were done in the following electronic bibliographic databases: PUBMED, CINAHL, LILACS, and SCIELO, from 2005 to August, 2017. These databases comprise the majority of biomedical journals published in English, Spanish, and Portuguese. LILACS and SCIELO are the main databases on biomedical literature for Latin America and Brazil, respectively. Therefore, we found relevant to investigate how information on PFMF terminology is presented in our continent due to public health policy issues. The cut off year of 2005 was chosen according to E ffective communication among health care professionals, researchers, policy makers, and target audience, by means of a standardized terminology, drives the progress on scientific knowledge and evidence based practice dissemination. 1,2 The International Continence Society (ICS) has been making significant and ongoing efforts toward standardization on pelvic floor muscle function (PFMF) and dysfunction terminology to "enable effective communication by investigators performing pelvic floor muscle (PFM) studies." 3 In 2005, the ICS published a document proposing a standardization for terminology of pelvic floor muscle function and dysfunction based on signs and symptoms. 3 Recently, a joint report of the ICS and the International Urogynecological Association (IUGA) updated the former document and presented terminology of 16 "PFM function signs," including 10 "muscle action characteristics." 4 The results of the ICS endeavor for adopting a standardized terminology for PFMF, to this date, remains unknown. In this regard, a recent systematic review investigating PFM activation and strength in women with urinary incontinence (UI) concluded that "a high variation of testing procedures, measurements methods and terminology, as well as definitions of the evaluated PFM," hindered the possibility of gathering data and meta-analysis. 4 Thus, although PFMF in women with UI have been largely investigated in the literature, 5-14 a clear PFMF terminology seems not to be observed.
Terminology refers to a system of terms belonging to a particular science or art. 15 Standardized terminology requires clear terms, conceptual definitions, and operational definitions of a particular subject (eg, the PFMF). Since the PFM are skeletal muscles, they should have similar functions as other skeletal muscles. Muscle function refers to the physiological functions of muscles, such as strength, endurance and tone, 16 which are terms used to name some of the skeletal muscle functions. Term refers to a word or phrase used in a definite or precise sense in some particular subject. 17 Conceptual definition states what one means by the use of particular words, or terms, 18 and specifies what needs to be evaluated, or measured. 18 quality of the studies included: (1) the instrument must address the threats to studies' internal, external and statistical validities, (2) the instrument should address terminology issues such as conceptual and operational definitions, and (3) the instrument should have been previously used in the pelvic floor literature. The unique instrument that accomplished those criteria found in the literature was the questionnaire of Prins et al. 28 That instrument is based on studies' informativity (the description clarity of study theoretical framework and aims and external and internal validities. We have tailored this questionnaire, as previously done in a recent systematic review, 29 by: (a) adding a question on the completeness of data on instrument reliability, PFMF terms, and operational definitions; (b) exchanging the term disease by function; and (c) excluding the following questions that did not apply to the aims of the present study: "Does the method to select and invite participants is clearly described?" and "Is the period covered by the measurement instrument specified?" The added question on reliability was positively scored when the authors ran a reliability test to collect their own data or had done it in a previous study, in which at least 1 of the authors participated. The procedures used to score the other questions are fully described by Prins et al. 28 of the included studies, as defined in the introduction section of this paper. To the best of our knowledge, there is no consensus on instruments to assess bias of observational studies. Therefore, we built the following rationale to select an appropriate tool to assess the assessment. Data analysis and synthesis were thoroughly reviewed by the project coordinator, E.M.F. Two reviewers worked independently in all steps of the present study, and disagreements were managed through discussion with a third reviewer (E.M.F.).
Data Extraction and Quality Assessment
Data was extracted and registered in a template previously pilot-tested, according to: study design, population, and participants' characteristics (age, parity, pelvic floor dysfunctions), sample size, and PFMF (term, conceptual and operational definitions, and quantitative data). Age and parity are mentioned as the major (and nonreversible) aspects that influence PFMF. [24] [25] [26] [27] As women get older (from 15 to 80 years of age), there is a sevenfold decrease in the number of striated muscle fibers within the ventral wall of the urethra. 26, 27 In addition, parity is recognized to cause striated muscle injury due to mechanical work on a muscle in a lengthening contraction, causing it to stretch. 24, 25, 27 It is also important to mention age and parity were the only 2 variables present in all studies reviewed and, therefore, they were used as sample characterization.
We have extracted the exact terms, conceptual definitions, and operational definitions of the PFMF used by authors Outcome measurement: vaginal manometry using Peritron (Cardio-Design, Lara, VIC, Australia)
Outcome measurement: A vaginal probe was covered with a nonlubricated condom, and a small amount of water-based gel was placed on the tip of the probe. The Peritron was calibrated to zero before probe insertion into the vagina. The probe was inserted into the vaginal canal until its central part was 3.5 cm from the introitus. A measurement was taken during rest (vaginal resting pressure). Calibration was again set to zero, and a measurement of the maximum voluntary contraction was taken. Three contractions were performed, with a 1-min rest between them. The highest score was registered.
A PRISMA flow diagram depicted in Figure 1 summarizes this pathway. Results were presented according to the term used to describe PFMF, and then, according to the conceptual and operational definitions onwards.
Study Characteristics and Participants

Role of the Funding Source
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) provided funding in form of a doctoral scholarship for F.S. during this study. The funder played no role in the design, conduct, or reporting of this study.
Results
A total of 2364 studies were retrieved and, after removal of duplicates, 2042 remained for further analysis. Inclusion and exclusion criteria lead to exclusion of 1972 studies, resulting in 70 final records eligible for full-text review. From those, 10 were excluded and 4 additional studies, identified by reference list search, after analysis, were also included, leading to 64 studies.
Data Synthesis and Analysis
Data synthesis was done according to the following set of rules. Terms, conceptual definitions, and operational definitions were grouped according to a clustering order, in 3 levels. Since terms are the starting point to establish a terminology system, 18 the first clusters were set at this level, and the absolute frequency in which terms were found was described. A key-term (ie, a common term among the ones used to name a given PFMF) guided the clustering at this level. For example, "strength" was the key-term that generated a cluster including terms such as: "perineal muscle strength," "pelvic floor contraction strength," "strength at maximum voluntary contraction," "strength peak pressure," and so on.
Since similar terms might not present similar concepts, a second level clusters were set at conceptual definitions. Every conceptual definition (whenever presented) linked to its term, was clustered with other similar conceptual definitions, by the identification of key ideas. For example, "presence and intensity of a voluntary muscle contraction" was clustered with "vaginal pressure or muscle force during the performance of a voluntary PFM contraction," and "sustained PMF contraction" was clustered to "the point of isometric fatigue where the muscle contraction could no longer be maintained at a certain level."
The third level clusters were set at operational definitions. The groups "PFM activity" was the third most investigated PFMF (13 times in 6 studies). 14, 30, 58, 69, 78, 68 This function was also named differently among studies (eg, activity of PFM, resting/functional bioelectrical activity of PFM, PFM activity during passive and active ankle position). None of these studies presented conceptual definition, a finding that also occurred for the fifth ("muscle activation patterns"), sixth ("vaginal pressure"), and seventh ("vaginal closure force") most frequently investigated functions. PFM activity was operationally defined by 4 different instruments, that were grouped 21 into 2 categories: vaginal EMG and transabdominal US (Tab. 4).
Endurance was the fourth most investigated PFMF (12 times in 10 studies). 9, 11, 30, 38, 49, 53, 57, 59, 75, 81 This function was named consistently among studies. Only 3 studies presented a conceptual definition to this term. It was operationally defined by 6 different instruments grouped 21 into 2 categories: vaginal palpation and vaginal manometry (Tab. 4).
Although 7 studies 11, 12, 47, 48, 60, 67, 84 stated that have adopted ICS terminology, 3 during analysis of these studies we observed variations such as the use of "PFM contract PFM" 48, 60, 67 ; "strength" and "force" 45 ; "levator ani muscle strength" and "ability to contract" 52 ; "maximum voluntary contraction," "voluntary contraction," and strength" 11 ). All the terms used to name PFMF are described in Figure 2 and Table 4 . The first 7 terms most investigated comprised 52.8% of all PFMF investigated; they are described in detail here.
The most frequently investigated PFMF was "strength" (37 times in 24 studies). 10 nal closure force") of the 7 most investigated PFMF. If conceptual definitions were presented in more studies, it could be possible to cluster the 196 variables into a lower set of terms. For instance, "muscle activation patterns or synergies" could have been grouped with "trunk and PFM EMG," "cocontraction," "simultaneous contraction of levator ani and gluteus maximus," and "PFM and abdominal muscle activity," since all of these terms typically intend to measure synergies between PFM and other muscles, such as abdominal, gluteus, and trunk muscles. Also, "reflex," "involuntary muscle contraction," "anticipatory PFM contractions," and "automatic activation of PFM" could have been termed equally considering that these functions share a common element, that is, the PFM contraction preceding/during a rise in intraabdominal pressure. However, these functions could not be gathered because, when present, the studies differed in conceptual and operational definitions of those terms. Moreover, there were studies that even used distinct terms to refer to the same PFMF being investigated, 11, 45, 48, 52, 60, 67 adding more puzzling to the PFMF terminology.
Those results characterize an approach called operationism, in which the focus of the description of the PFMF is on the actual conceptual definition of muscle strength, and 1 definition did not comprise strength but endurance. Therefore both the term and the conceptual definition were neither clear nor consensual among studies. PFM strength was either operationally defined by vaginal palpation, dynamometry or manometry. Since muscle strength is the muscle force generation capacity 16, 20 the direct method to operationally define it is pelvic floor dynamometry. 87 However, this instrument is not available to the majority of physical therapists around the world, especially to those in clinical settings. On the other hand, vaginal palpation is a method widely used and easy to apply in clinical practice. Still, different scales were used to quantify strength-Brink, Ortiz, and MOS-leading to noncomparable results. Manometry was also often described as the operational definition of PFM strength. Thus, the variety of terms used to refer to strength associated with the lack of clear concept and diversity on methods to operationalize it indicate that, even to the most frequently investigated PFMF, data gathering and meta-analysis are not feasible.
Conceptual definitions were lacking to 4 ("PFM activity," "muscle activation patterns," "vaginal pressure," and "vagicontraction during coughing" to refer to the ICS term "involuntary contraction" 60 and the use of "slow twitch," "fast twitch," and "rest tone" 12 and "cocontraction visible," "inward movement perineum," "urethral lift," and "strength," 11 which were not found in the ICS terminology.
Discussion
This systematic review aimed to investigate if terminology used for PFMF studies of women with and without UI is standardized. A large variety of terms, conceptual definitions, and operational definitions used to describe PFMF was observed. Frequently, these terms were not followed by a conceptual definition, different operational definitions were used to measure similar terms, and the same operational definition was used to measure different terms. Discussion of factors influencing this inconsistency is presented.
PFM strength was the most frequently PFMF investigated, probably due to its importance to urethral lift and closure in continence maintenance. 27, 86 However, the variety of terms used in combination with the term strength suggests different meanings that should be clarified by their concepts. In addition, conceptual definitions differed among each other, none of them comprised the Frequency distribution of the terms used to describe pelvic floor muscle functions in the reviewed studies. activ. = activation; EMG = electromyography; Max. = maximum; PFM = pelvic floor muscle. measurement instead of on the concept, on "WHAT is to be measured." 18 Once the concept being measured becomes synonymous to the measurement outcomes, even small changes in method produce a new concept. 18 The result of operationism is a thriving of terms and definitions that hinder effective communication and data gathering and reduce the feasibility of generalization beyond that investigation, restricting the conclusions from each particular study to its particular methodology. 18 The impact of operationism in the PFMF terminology was demonstrated in a previous systematic review's on PFMF 4 that investigated PFMF strength, focusing on strength's operational definition (EMG and dynamometry). The authors could not gather data nor run a meta-analysis due to the "large variation on outcome measure, outcome measurements and terminology." Furthermore, operationism's emphasis on HOW to measure variables leads to loss of focus on what is relevant to be measured. For example, the second most investigated function, "PFM contraction," was operationally defined by 6 different methods: visual observation, vaginal palpation using MOS, vaginal manometry, vaginal EMG, transperineal US, and MRI. Clearly, these methods measure different aspects of "PFM contraction," or even different PFMFs. While visual observation detects the contraction of PFM, US, and MRI equally allow to do so, but in a more detailed level, since they inform the position and displacement of pelvic structures. 21 Vaginal palpation with MOS allows grading the presence and, additionally, the intensity of "PFM contraction," that is, the ability to contract and strength. Finally, vaginal manometry measures vaginal pressure during rest or during PFM contraction and, in this last case, also expresses strength, whereas vaginal EMG measures the neuromuscular activity of PFM during rest and contraction. 21 Combined, these results indicate that the identification of what is the relevant/consensual information regarding "PFM contraction" is not a straightforward task, and needs clarification.
In contrast, the fourth most investigated function, "endurance," was the only PFMF that was consistently conceptualized. Only 2 different operational definitions were used to measure the sustained PFM contraction. This result indicates that there is a consensus in the terminology of this function, suggesting that it is possible to use standardized terminology for PFMF.
From the 64 studies reviewed, only 7 reported the use of ICS standardized terminology. 3 Furthermore, only 1 study actually has used the exact term recommended. These results pose a question on the validity of this terminology and points out the need for a terminology anchored on sound theoretical foundation that allows a deeper comprehension of the PFMF across disciplines.
Recommendations for Future Work
More than the demand for a standardized terminology, the present results indicate redundancy in the PFMFs investigated and suggest a deeper reflection on the PFMF that are relevant to research and to clinical practice. A sound theoretical foundation should support that reflection allowing a Vaginal palpation: Ortiz Scale, 9,32,63 MOS, 82 Brink Scale (pressure felt by examiner's fingers) 69 Vaginal manometry: Perina (Quark, Piracicaba, SP, Brazil), 63 Peritron 9300 (Cardio-Design, Lara, VIC, Australia) 9, 38 Elevation or vertical displacement of the examiner´s finger during the performance of a voluntary PFM contraction
Vaginal palpation: Brink Scale (fingers pulled anteriorly, in, or both) 69 Duration of contraction during the performance of a voluntary PFM contraction
Vaginal palpation: Brink Scale (duration of contraction) 69 Vaginal palpation: MOS, 13, 30, 33, 49, 75, 76, 81, 85 Amaro Scale, 39, 40 Brink Scale (pressure felt by examiner's fingers), 67 Ortiz Scale 58
Vaginal manometry: PFX2 perineometer (Cardio-Design), 33 DM01 perineometer (Dynamed, São Paulo, SP, Brazil), 40 instrument not specified, 39 Peritron 9300 (CardioDesign), 13, 30, 40, 44, 59, 78 custom vaginal pressure sensor, 56 Kroman KG40 (Kroman, São Paulo, SP, Brazil) 52 Pelvic floor dynamometry 24 2. PFM contraction (13) Voluntary PFM contraction (5) PFM contraction and relaxation (3) PFM contraction (2) Maximum PFM contraction (2) Perineal contraction (1) Voluntary contraction means that the patient is able to contract the PFM on demand 3 Transperineal ultrasound (US): Kretz Voluson 730 Expert system (GE Healthcare, Chicago, IL, USA) 84 Visual observation 78, 81 Vaginal palpation: MOS 54 Vaginal manometry: custom vaginal pressure sensor, 56 Peritron 9300 (Cardio-Design) 36, 45, 75 Transperineal US: E8 US system (GE Healthcare), 10 HDS Sono 5000 CT (Philips,Amesterdam, Netherlands), 75 ES500 (Ultrasonix, Richmond, BC, Canada) 50 Vaginal EMG: probe with 2 metal sensors (Everyway Medical Instruments Co, Taipei, Taiwan) 31 Magnetic resonance imaging: 1.5-T superconductive-magnet unit (Vision; Siemens Corp, Erlangen, Germany) 47 3. PFM activity (13) PFM activity (resting, mean maximum contraction) (3) Activity of PFM (during shoulder flexion and extension, bladder empty/full) (3) Resting/functional bioelectrical activity of the PFM (2) PFM activity during passive and active ankle positioning (2) PFM activity prior to loading perturbation (1) PFM activity in response to loading (1) PFM activity with bladder filling (1) Vaginal EMG: Life-Care vaginal probe PR-02 (Everyway Medical Instruments Co), 34 Periform (NEEN HealthCare, Nottinghamshire, England), 68, 69 FemiScan EMG vaginal probe (Mega Electronics, Kuopio, Finland) + adjustable-angle platform 62, 79 Transabdominal US: Acoustic Imaging Performa Ultrasound (GE Healthcare, Chicago, IL, USA) 13 4. Endurance (12) Endurance (9) PFM endurance (2) Static PFM endurance (1) Sustained (maintained) PMF contraction Vaginal palpation 9 : PERFECT Scheme 53
Vaginal manometry: custom vaginal pressure sensor, 56 Peritron 9300 (Cardio-Design) 9 Vaginal palpation 81 Vaginal manometry: Peritron 9300 (Cardio-Design) 30, 38, 59, 75 Vaginal palpation 11, 49 Vaginal manometry: Peritron 9300 (Cardio-Design) 13, 35, 38, 46, 76 Vaginal palpation: MOS 51, 56 Vaginal EMG + vaginal manometry: FemiScan (Mega Electronics) with 2 air-filled pressure transducers mounted on the vaginal probe 57 (continued) (2) Pelvic floor dynamometry: instrumented vaginal speculum described by Morgan et al, 24 vaginal speculum described by Dumoulin et al, 87 8. Reflex (7) Reflex of PFM contraction (2) Levator reflex (2) Clitoral reflex (2) Reflex PFM contractile strength (1) Contractile strength during coughing Vaginal manometry: custom vaginal pressure sensor 56 Transperineal US: Voluson 730 (GE Healthcare) 83 9. Tone (6) Resting PF tone (1) Resting tone (1) PFM tone (1) Tonus at rest of levator ani and gluteus maximus muscles (1) Rest tone (1) Tone of the fibrous center of the perineum (1)
Resting level of tension in a muscle that, when at appropriate levels, allows a muscle to make an optimal response to voluntary or reflexive commands
Vaginal palpation 82 Baseline EMG signal (in μV) at maximum muscle relaxation
Vaginal EMG: vaginal surface EMG sensor (VS0 2000; Haynl-Elektronik Corp) 47 PF dynamometry: speculum as described by Morgan et al 24 Vaginal EMG: Myomed 932 (Enraf Nonius, Roterdan, AT, Netherlands) with vaginal probe V.M.P. (Bioparc, Leiden, Netherlands), 12 MyoTrace 400 (Noraxon Inc, Scottsdale, AZ, USA) 31 10. Force (4) Active force (2) Passive force (2) Anteroposterior (and left-right) force at rest and at maximum voluntary contraction PF dynamometry: stainless steel specular dynamometer 43 
Voluntary relaxation (3)
Voluntary relaxation (1) Voluntary PFM relaxation (1) Ability to relax the muscles (1)
The patient is able to relax the PFM on demand after a contraction has been performed 3 Vaginal palpation 11, 82 Vaginal EMG: Myomed 932 (Enraf Nonius) with vaginal probe V.M.P. (Bioparc), 12 Voluntary contraction means that the patient is able to contract the PFM on demand 3
Vaginal palpation: ICS Scale 11 a EMG = electromyography; MOS = Modified Oxford Scale; PVW = posterior vaginal wall.
deeper comprehension of PFMF beyond signs and symptoms of diseases, as recommended by the WHO. 16 Next, consensual terms should be pointed to name these PFMF. These terms should, then, be followed by clear conceptual definitions. Lastly, con sensual operational definitions should be set, allowing communication, data gathering and progress in science knowledge.
Methodological Quality
Most studies included in this review presented adequate external validity and informativity, but internal validity was fair, mainly due to measurements' reliability and conceptual definition issues. The usefulness of measurement in research and in the clinical decision making process depend on the extent to which one can rely on data accuracy and meaningfulness to indicate a characteristic or performance. 23 Thus, validity and reliability are compulsory for data collection, and authors should not only consider the reliability stated by others but ensure reliability of their own measurements. 23 This review included only observational studies since these should offer foundations to build scientific knowledge on PFMF. Grey literature was not included once we expected large variation in terminology in the primary literature. Although PFMF were synthesized by consensus among 3 investigators, it would be possible that, if performed by other researchers, some numerical variation in PFMF clusters could occur. However, the conclusion regarding the large variation in PFMF terminology would still be observed.
Strengths and Limitations
Conclusions
Although literature on PFMF in women with and without UI is plentiful, a large variety of terms, conceptual definitions, and operational definitions were observed. The majority of the existing definitions were based on operationism, leading to a proliferation in terms and concepts, preventing data gathering and effective communication among health care professionals and the scientific community and hindering science and clinical practice to progress. The results presented pose an urgent need to build and adopt a standardized terminology based on a sound theoretical framework encompassing the different disciplines, related areas, researchers and policy makers in order to increase understanding of PFMF in women with UI and hopefully to provide higher quality of health care.
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